The volatile oils extracted from leaves of eight cultivars of Citrus sinensis (L) Osbeck were comprehensively analysed by a combination of GC and GC-MS. Fifty four constituents accounting for 82.3-98.2% were identified. Sabinene (20.9-49.1%), δ-3-carene (0.3-14.3%), (E)-β-ocimene (4.4-12.6%), linalool (3.7-11.1%) and terpinen-4-ol (1.7-12.5%) were the major constituents that are common to all the volatile oils. In addition, a cluster analysis was carried out and indicated at least four different chemotypes for the C. sinensis cultivars.
Citrus sinensis Osbeck or sweet orange, is the most porpularly cultivated Citrus species in the citricultural regions of the world [1] . It forms compact evergreen trees that often reach 10-15 m in height. The leaves are elliptical to oblong-ovate, up to 10 cm long, with narrowly-winged petioles. Sweet oranges originally came from China and Southeast Asia where they have been cultivated for centuries.
Sweet oranges by virtue of their recognised nutritional value and desirable flavour, have found wide acceptance by consumers. They are consumed fresh as fruit juices, as salads, desserts and preservatives in jam, jelly, etc. [1b] . The pulps are processed into juice because they are rich in soluble sugars, vitamin C, pectin, fiber and different organic acids [1a] . Sweet oranges provide valuable essential oils of wide commercial applications in food processing, pharmaceutical preparations, perfumery and cosmetics. Its production in many countries has continued to increase, and the current world annual production is more than 60.2 billion kg [2] .
There are many cultivars and they are classified by geographic ancestry or by fruit characterisctics. Among the many cultivars of sweet oranges are 'Hamlin', a heavy producer of very juicy smooth-skinned fruits with few seeds that are harvested october through January. 'Pineapple' and 'Parson Brown'. Several studies on the volatile constituents of the peel essential oil of sweet orange, using different analytical methods and of different origin, have been reported [3] . However, reports on the volatile constituents of leaf essential oils of sweet oranges are more limited [3j-l,4 ].
This study is a continuation of the analysis of citrus essential oils from leaves of citrus grown in Nigeria [5] . In this study, we present the qualitative and quantitative analysis of petitgrain of eight sweet orange varieties: 'Etinam', 'Hamlin', 'Umudike', 'Parson Brown', 'Kinnow', 'Pineapple', 'Meran' and 'Pope'.
Comprehensive GC and GC-MS analyses of the eight different cultivars of Citrus sinensis (L) Osbeck afforded between 32 and 46 constituents. The chemical composition of the leaf oils presented in table 1 shows that the qualitative and quantitative distributions of the oil constituents are similar.
Sabinene (20.9-49.1%), (E)-β-ocimene (4.4-12.6%), linalool (3.7-11.1%) and terpinen-4-ol (1.7-12.5%) were the major constituents. However, there are some notable variations in the compositional pattern of the leaf oils. For instance, the concentrations of δ-3-carene identified in 'Pineapple' and 'Kinnow' leaves are 0.7% and 0.3%, respectively, as compared to a range of between 8.1 to 14.4% in others. In addition, the concentration of limonene NPC Natural Product Communications 2011 Vol. 6 No. 6 875 -878 
Linalool 6.5 10.2 7.0 5.7 4.5 5.7 11.1 3.7 1104 . Sabinene, δ-3-carene, limonene and linalool were identified as the major constituents of these four cultivars, and this is very similar to what was obtained from the present study. In addition, α-and β-sinensals were never detected by Ekundayo et al.
[4d], but they were identified in the present study, although in minor concentrations. Furthermore, the compositional patterns of 'Parson Brown' and 'Pope' of Nigeria origin are being reported for the first time.
The results of the chemical compositions were submitted to cluster analysis based on correlation and using the unweighted pair-group method with arithmetic average (UPGMA). The dendrogram obtained from the cluster analysis (Figure 1 ) gave four chemotypes (I-IV) at 1.10 coefficient of similarities. Cluster I is a sabinene / δ-3-carene / (E)-β-ocimene-rich chemotype, and includes 'Etinam', 'Meran', 'Umudike', 'Pope' and 'Parson Brown' cultivars. The 'Pineapple' cultivar constitutes a sabinene / p-cymene-rich chemotype, 'Hamlin' represents a sabinene / terpinen-4-ol / linalool / δ-3-carene-rich chemotype, while 'Kinnow' is a sabinene / linalool-rich chemotype.
Experimental
Plant material: The leaves were obtained from cultivars growing in the orchards at the National Horticultural Institute, Idi Ishin Ibadan, Nigeria. 
Essential oil collection:
Matured air-dried leaves (300g) were subjected to hydrodistillation for 4 h in accordance with the British Pharmacopoeia [6] .
GC-Analysis:
The gas chromatographic (GC) analyses of the oils were performed on an Orion Analytical Micromat 412 double column gas chromatograph (GC) fitted with flame ionisation detector (FID). Two capillary columns of differing polarities, CPSil-5 (25 m  0.25 mm i.d.) equivalent to OV 101 and CPSil-19 (25 m  0.25 mm i.d.) similar to BP10 (film thickness 0.15 μm), were used. Oven temperature was programmed from 50C to 230C at 3C/ min. Injector and detector temperatures were maintained at 200C and 250C, respectively. The carrier gas was hydrogen.
GC-MS Analysis:
GC-MS analysis were carried out on a Hewlett-Packard HP5890A gas chromatograph (GC) interfaced with a VG Analytical 70-250s double-focusing mass spectrometer operating at 70eV with an ion source temperature of 230C. The GC was fitted with a 25 m  0.25 mm i.d. fused silica capillary column coated with CPSil-5. Helium was the carrier gas at 120 ml/min. The GC operating parameters were identical with those of the GC analysis.
Identification of Constituents:
The constituents of the oils were identified by comparison of their mass spectral patterns and Kovat's indices (KI) with those data for original samples in our library built up from reference oils and authentic compounds. Confirmation of the identification of the constituents was by matching our MS and KI data with those cited in the literature [7] .
Numerical Cluster Analysis:
The eight Citrus sinensis samples were treated as operational taxonomic units (OTUs).
The percentage composition of 24 main essential oil components [α-pinene, sabinene, β-pinene, myrcene, α-phellandrene, δ-3-carene, α-terpinene, p-cymene, β-phellandrene, limonene, (Z)-β-ocimene, (E)-β-ocimene, γ-terpinene, cis-sabinene hydrate, terpinolene, linalool, citronellal, terpinen-4-ol, α-terpineol, citronellol, neral, geraniol, geranial, and α-sinensal] was used to determine the chemical relationship between the different C. sinensis essential oil samples by cluster analysis using the NTSYSpc software, version 2.2 [8] . Correlation was selected as a measure of similarity, and the unweighted pair-group method with arithmetic average (UPGMA) was used for cluster definition.
